Optical Pumping DUT

David Cheney, Brent P. Gila

1 e 1] )€

@2 UNIVERSITY OF €

#% FLORIDA




Photo-pumping traps and DC measurement effects

Photons empty e traps, cause the

Hg arc lamp . )
channel carrier conc. to increase.
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. . , Difference of without UV and post UV is
30% increase in Iq with UV . P
due to trap population

17% increase in I, post UV
Pre-test I, current level returns in ~3 days.
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UV Eftects on I, Current and Pulse Measurement

— HEMT DC (as-rec) 1.0- i
— HEMT pulse (as-rec)
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= = HEMT pulse (post UV) 8
unpassivated HEMT gﬁ' i
@)
Z
Rise in DC and gate pulsed Iq 04+ .
indicates traps (surface and/or
bulk) are remaining emptied 02 il
after UV illumination is .
removed. 0 L 2 3 4

Key is to add optical stress to the DUT to:
1) Determine type of trap associated with buffer and passivation failure
2) Accelerate aging by keeping traps empty (raise I,¢ without increase in V;)
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Point Defects and energies within the GaN bandgap

Blue defect (center 2.9¢V)
Oy, dopants

Green defect (center 2.5¢V)
V.0 » dopants

Yellow defect (center 2.2¢V)
several vacancy defect models,
V., bound to dislocation, dopants

Red defect 660 (center 1.8eV)
VCy» implant damage, dopants

M.A. Reshchikov and H. Morkoc; JAP 97 (2005)
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Valence band
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Transition levels for native defects in GaN, determined
from formations energies.

Limpijumnong and Van de Walle; Phys. Rev. B 69 (2004)
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Defects and energies within the GaN bandgap

N
t NUV :
1.R. Lui et al; APL 86 (2005) — 1273 7
3.41eV BSF on polar GaN
H.Z. Wu et al; APL 92 (2008) —
3.41eV BSF on non-polar GaN
\

M Albrecht et al.; APL 92 (2008) — <
a-type threading dislo.

2.R. Lui et al; APL 86 (2005) —
3.34eV a-plane SF 3 44eV

3.R.Lui et al; APL 86 (2005) — L IR
3.28eV partial dislo.

4. C. Diaz-Guerra et al.; JAP 100 (2006) —
3.20eV Cy J

5.N. Yamamato et al; JAP 94(7) (2003) —
2.21eV edge dislo. screw dislo. are invisible
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Hg Arc lamp with monochromator (600 line grating)

366nm = 3.39eV 387nm = 3.20eV
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MOCVD Growth of typical AlGaN/GaN HEMT
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Optimization of GaN 3D recovery layer
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J.H. Jang et al; JAP 103 (2008)

3D growth mode time (min)
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Optimization of GaN 3D recovery layer

(®)

Cross sectional bright field images of sample taken near (a) zone axis using
two-beam condition. The defects observed under (b) are screw or mixed type
dislocations and ones under (c) are edge or mixed type dislocations. Sample D
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Optimization of GaN 3D recovery layer
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Blue defect 440nm (2.82¢V) casuring a Gum channe

Green defect 520nm (2.38eV)
Yellow defect 560nm (2.21eV)
Red defect 660 (1.88eV)
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How will optical stress enhance the program?

By optically pumping the DUT, an increase in accelerated
aging will take place without adding stress to metal
contacts or changing the electric field potential.

By discovering the traps and defects associated with poor
device performance, limited lifetimes and current collapse,
growth recipes can be optimized for more reliable device
ep1 structures and processing recipes optimized for surface
trap treatment.
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